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A ft ST RAIT OF TJl li 1)1 S CLOSURE 
Ati olectiode device Tor electrically hbttZ.i»g underground 
deposits of hydroc arfcons such as oil .sauil or oil sb»lc*, P Jural 
well pipe sections arc joined through insulated pipe joints with 
an el ettrodo connec* ted through One u£ the iri.sul at.ed pipe joxntP 
S to a loiter one of tt«? pipe s-ccMotis. Each of the insulated pipo 
joints includes a first tubular member having a flange portion 
At oug find thereof, d r.econtf tubular member having a tap portion, 
at one end tfhich is received in the f]arigo portion of the first 
tubular member with a gap therebetween , and an insulating member 
10 tfispos^d in the gpp lor hermetically coupling the first and 
second tubular members 2nd for GlottricA'J.ly insulating first 
and second tubul&r mambQ^s from one another. 



ELliLTRODE DEVICE FOR KLECTRICALLY HEATING 
UNJHsRUHOmilD DEPOSITS OF HYDIWCAllRONS 



BACKGROUND OF THE INVENTION 
1'hs present Invention relates to an electric device 
used to electrically heat undorgroxtfid deposits of. hydro c arb o n s r 
Wore specif ically, the present invention relates tu an electrode 
5 device which is used to supply electrical power to underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a Hpuier viscosity and higher fluidity in order 
to moro easily remove" there from the. J . 

Tho term 11 hydro carbons 11 «ts used hereinafter means 
10 ■ petroleum or oil, bitumen contained in oil sand [also called 

"tar SA7;d 11 ) and kerogen contained in oil $hale * These will all 
be referred to as "oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity it is possible to extract the oil through the well 
15 fcithar by gas pressure coexisting in the oil layer or by forcing 
a liquid such as brine into one well to force the oil to flow 
sut o£ another well- Hocavsr, should the- underground oil havo 
low fluidity, it cannot fce extracted until the oil is made mora 
fluid, k general method of making the oil fluid is to heat the 
Zti oil thereby to lower the- viscosity of the oil. The temperature 
sui table for this is different for different type* of oil. 

There have fcoen proposed as oil layer heating methods 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 

S be burned, and the jise of eTqplosives. The last two methods are 
difficult to control so that they are rot. in gonoral usb. 

According to the method of injecting the hot water or 
water vapor it a high t&mperaturD and under a high pressure, 
the oil layer is heated to enhance the fluidity of tho dil to 

10 ' cause the fluid oil to flow out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low resistance to - 
the flow of hot water or water vapors or there are voids in the 
oil layer r the* tf&ter or vapors may colloct in these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense, the hot vater or it* vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical pow&r is perfunu&d 
by drilling a plurality of walls in tho oil layer and "by establish 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance to the 
electrical current vhich flovs there through. This tochnique is 
advantageous in that the oil layer can be vholly haatad with easa 
even if it has voids or is solid and dense. However, another 
device is required £ot pumping up.: the fluid oil, 

25 For improving the oil producing efficiency, there has 
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further been proposed a method which includes a first step of 
bearing the oil layor by electrical resistduce heating and a step 
of injecting hot water or water vapors at a high temperature and 
uno^r a high pressure when the oil layer becomes soft while con- 

5 tinning the he a tin's so that the resultant fluid ail may He pumped 
DUt, In order to efficiently heat the oil layer , tho electrode 
device must be sufficiently electrically Insulated that the leak- 
age of e tcctTicHlly current into underground part ions other than 
the oil layer is avoided as much as possible. Tha electrode de- 

10 vita is also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of the vapors which are gener- 
ated by the heating Dpera-tion, and the pressure of injected hot 
water or hot high pressure water vapors- The electrode device 
is further required to be free from loakagu of hot water or hot 

IS high pressure water vapors. 

Tii order to explain, the electrode device of this general 
type more fully, an example in which the oil is extractad from 
oil sandE will be described. 

Oil sand, also called ,r tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between 
sands in de-posits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks o£ 



a river bat j» most often located onfctrely undoxyroinwl at a 
dopth.of 200 to S00 in while having a tfiiuknfcss of several tene 
o£ .meter*. Due to consideration of economy and ewiroiaMiitail pro- 
tection, it is wc«BBary to separate out the oil underground and 
to extract only the oil .from the well. Moreover, since the 
extraction of oi). from a Shallow underground layer is accompanied 
by a danger of subsldeaoe, it is desirable to oxt.xact oil only 
from underground layers )yirwj deeper than 300 jh. 

PUJTther aspects of the background o± the Invention and 
the .invention of the present application are deEcribed v;i th 
the assistance of the accompanying drawings in" vhlrtit 

Viej. 1 ia a schematic s£ctiona* view show5.ncj a 

conventional prior art installation of the general type with 

vhich the invention is utilised? 

uig* 2 is i\ cross-sectional, view of an insulated pipe 

}oint of the* invention; 

Fig. 3 is a oroas- a actional View showing Bevoral joined 
pipe sections, an electrode and insula lied pipe joint* in accordance 
V?itti the invention t and 

Pigs*. 4-7 are a' scries- of cross -sectional viex*s 
illustrating the ubC Of. insulating coatings in accordance- with 

the invention- 
Fig. 1 illustrates the' heating of an oil sand layer, 
by electrodes coupled to a power supply, in J?ig* 1, reference 
numeral* 1 hnd 11 indicate main guide pipe* *»ado steely 2 
and- 12 indicate Insulators 3olned to the main guide pipea 1 and 

11, 3 and 13 indicate electrodes joined to the* inwlators Z and 

12, perforations are forced in the electrodes- 3 and 13, and 4 and 
14 indicate cable* for feeding an electric currant to the ele- 
ctrodes 3 and 11. Tni* assembly ia hereinafter called together the 



"electrode device 11 . Rcferex^ numeral 5 indicates a power 
aout'cc, 6 indS.catft«j an oil sanfl layer, 7 indicates an uleetrio 
current Having between the electrodes 3 anil 13, B indies at CO the 
ground surface, 9 indicate* an overburden layer,. and 3.0 in- 
dicates a layer below the nil sautl layer, 

When a voltage U appl i.ed to the electrodes 3 and 
13 which arc buried in the oil Rand layer 6 from the power 
source 5 tli rough the cables 4 and 14, the current 7 ilowo in 
accordance with the electric resistance of the oil sand layer 
6 as a result 
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pf which the oil sand layer 6 is heated by Joule or resistance 
heating. Although, the current 7 paztSally flows into the aver- 
hurdBii laybr & and the layer 10, the leakage is Maintained at a 
lov level becaus© the insulators 2 apd 12 are interposed between 
the main guida pipes 1 and 11 and tha electrodes $ and 13. Alter 
the oil sand layer 0 has been wsrmea, the powor supply is inter- 
rupted. Hot water or water vapors at a high temperature under 
a high pressure axe than forced from the upper inlet of ono main 
guide pipe l of the electrode device and flow through the oil 
sand layer 6 until they come out of the other main guide pipe • 
11 carrying the oil, Tn order to improve the flow rates of the 
hot water or the hot pressure water vapors, perforations are 
farmed in the electrodes S and 13. 

Since the upper portions of the insulators 2 and 12 
are connected to the main guide pi^es 1 and 11 and the lotfor 
portions are connected with tha electrodes 3 and 13 t a down- 
ward tensile str&ss is always applied ta the insulators. More- 
over, since tha assembly can be at a temperature as hi^h as 
250"c to SOO^C, the insulator* should bo able to withstand such 
temperatures. Also, since tha initiators 2 and 12 are buried 
underground as deep as several hundred maters with the electrodes 
i an<i 13 suspended f:rom their lower ends Kith the upper ends 
thureof connected to the tnain guide pipes I and 12 > the insulators 
1 atid 12 vrtii almost certainly con t act or collide with the well 
walls whilo they arc lowered into the well. Because of the 



gr^at total weight, any slight contact will impose a hi^h mecha- 
nical impact upon the insulators 2 and 12* There Tore, the 
insulators 2 and 12 stc required to be able to withstand anticipated 
levels of mechanical impact* 

5 rn an electrode device which heats an oil sand layer 

when it Is supplied with an electric current, a major problem is 
that the olectric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot generally 

ID be precisely stated. Hawovcsr, avorage values are iDOft-m for 

the oil sand layur and l*ifl-l&oa-m Tor the overburden layer. As a 
result, if- om electric current is supplied to two electrode devices, 
which are constructed by connecting electrodes to guide pipes m&ds 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, rciO^t of the current icill he consaiaod in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes with an insulating coating 
or Lo Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

2D which satisfy the af urciae tuiuiicd requirements. In one such 
attempt, flanged tubular members made of metal are coatsd with 
an organic resin which provides a high resistance tg heat* An 
appropriate Material is polytetrafluoroethylenS resin (far example 
"Teflon™" -which is trade name of du Pout) . with this 

25 construction, insulating msmbors are provided which are 

satisfactory in their ability to withstand a suspending load 
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sna mechanical impact forces. However, it Tm.s pjwed quite diffi- 
cult to coat the flange- portions sat is factory with the insulat- 
ing material. Mor&over, even if satisfactory insulating char- 
acteristics, are* provided at ruom tomperatyre, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions t duo to repeated ther^l expansion and contraction 
such as is typically tncoi*nteied in normal operating conditions* 
If the insulation coating is brokon or caused to flake off, the. 
insulators thus, produced become useless, 

10 Tn a second attempt, porcelain material has been used 

for forming the insulators. However, it is also necessary in 
constructing the Insulators to take into account the requirement 
foi providing water and oil tight characteristics nith respect 
to th9 connection between the main guide pipes 1 and Jl and the 

IS <*l&ct:rode5 3 and 13 as veil as between the insulating member. 
Tho connection has generally been made by shrink fitting metal 
pipes on the outer peripheral surface of the porcelain pipe and 
then connected with other metal pipes ordinary technique sucb 
as welding or attachment with hol.ts. With this construction, 

20 although tha wall or oil tight characteristics may be acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temp oritur e is increased 5c? that the abi- 
lity to support the suspended load is correspondingly lowbred, 
MoroovBT, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions o£ the shrink - 
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fitted areas. *n order to eliminate such drawbacks, there has 
tie en proposed thg use of a porcelain pijie having ends formed 
as f^Hnge portions with the flange povtions fastened to metal 
pipes with packing interposed between the contact surfaces. 
5 With this construction, the abo vc- stated requirements ?re met 
at room temperature. However T the water and oil tight sealing 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover h porcelain -intrinsically lacks strength 
against mechanical impact forces. Thus, it has a high tendency 

10 to he broken by * mechanical impact force such as is DTdinarrly 
encountered while f.h*> assembly is lowered through tfco well. 
Thus, the provision of a porcelain insulator suffer-s from the 
unavoidably do fact that there is a high tendency of breakage . 

Vet .(hirthe-r, insulators foimod Df organic polymeric 

IS compounds have been proposed. Although such compounds may have 

a high strength at room temperature and iie quite good electrical 
insulators, most of the compounds of this general class are not 
■particularly heat resistant. Spaci fi call y, very few compounds 
of this, type arc kuuwn which are resistant to hot water or water 
vapor at Ii±£h temperature and trader high pressure. 
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SUMMARY OF TIM rwraMrTO)? 
In accordance v» v i l- 3i tho invention, there is provided 
an clotitTDde device fnr el.ecT.vi caUy heating xmderground deposits 
of hydrocarbons including a plurality of well pipe sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons j?or supplying an electric current to The under- 
groimJ deposits, a plurality of insulating pipe joints exch 
including u first tabular me-niper having a flange poxtion at one 
end tbQT-eof, a second tubular member having a cop portion at 

10 one end thereof adapted to bo received in the flan&o portion 

of the first tabular mor&bgT with a gap therebetween and an in- 
sulating member disposed in the gap between the flange portion 
and the cap portion for hermetically coupling the first and 
second tubular members while electrically insulating them from 

IS one another and with th© insulating pipe- >oint.s h©\ng usad to 

couple at least some of the- pip» sections together and the elec 
trod© to on© of the pipe sett 1071s, and a cable connected to the 
electrode for supplying an electric current thereto. 

At least soma of tho insulating pipe joints can ho 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
gap between the flange portion in the Cap portion and second 
insulating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second insulating por- 

25 tions being formed integrally with each other- Preferably* the 
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insula bing member of ear^h of. the in&uLattid pi.pfe .jUu itti iv jRKtlu 
of a ijfluss-Jfnica TMOldlng iorjncd Hrom powders of # fflasR and mica. 
An insula tincj coating may be provided on ah least A portion of 
the outer oartoce of the insulated pipe: }oint.<::» This coatip.g 
ift&y be ^ roaih" of po lyte trail uoroLfthylctiu r a resit) of d\phenyl 
oxide. Moreover, a protective layer of insulation can be 
provided around at least a portion of the incmlating cuatiny* 
i?he protective layer joay be an inexpensive material such as 
polyethylene, pi>lyprooylenti or polyvinyl chloride. 

Further objects and advantages ot the indention -will 
appear from the following description taken together with the 
accompanied drawing. 

DESCftlVTIOM Of Tift! PREFERRED J>^UOPtMEOT^, 

in accordance with the invention, their o ic provided 
an electrical heating slsCtrode device which is entirely frOG of 
the: above-raentionad drawbacks* A preferred embodiment o£ 
the electrode device of th© invention vill be described in detail, 
first with reforonce to Fig. 2 which, shews a cross- sectional 
view of an insulated pipe joint 21 whiuh is utilised with the 
BlEctrodta device of the invention. 

The pipw joint generally designated 21 in Figure 2 
comprises four basic element a: 

a fir&t tubular member 77, a second tubular merrobar 33, 
a cylindrical sleeve- like, cover member 2$, and an insulating 
member 35. 

vhe first tubular JTiOAibcr 22 comprises fx cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 7h at a lower eiicS as shown. 

The seeono" tubular member 33 compriBey a cylindrical 
tutwlar portion 30 with a radially outwardly extend Ing hub portion 
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I 25 at an upper end &fj shown* The interior diameter of tubular 
portion 30 of th£ suconrl tubular number. 33 if* Bhovn idea tie a 1 
to the interior diameter, of tubular portion 23 ot the tixsu 
tubular. Toeiabu-r 22, 

Hub portion 2!i of the. 2nd tubular member 33 x& provided 
with an internal annular recess 3 A a& shown. Huh portion 25 
is also provided with external thread b 32 which itiate with 
threads 29 .on cover snember 29 to be closer ibecL 

Slceve-likc cover membor 29 comprises a cylindrical , 

10 tubular, drum-like portion 26 with, internal tbreadB.28 at one. 

lovor end a & ahown in Figure 2 and a ra&ia!3y inwardly extending 
cap pDrtiun 27 at the other upper end. A? shown, tabular portion 
26 has a larger internal dieuuetBr that the external diameter 
o£ fl&ngo portion 24 of the first tubular msmber 22 bo ae tD 
provide a gap therebetween to be occupied by insulating member 
33. Cap portion 27 of cover roetabsr 29 has an internal diameter 
larger than the external aiasneter of tubular portion 23 of tho 
first tubular itiexnbor 22 so as to form a <fap thcrebctwo.ii. The in- 
ternal diameter of cap portion 27 is smaller than the external 

20 dieunettir of flangci portion 24 of the first tabular Hioinbcr 22. 

Preferably tJifi first tubular member 22, second tubular 
jnembor 33 and cover tnsraber ?,9 are Muds from steel. 

Xneulating member 35 includes an. ou.fcex .ciroumf erentially 
insulating portion 36 which surrounds external surfaces of 
tubular portion 23 of fjtrat tubular jnemfoer 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recesa 31 of hub portion 25 d± the second tubular member 
33. The innex insulating portion 37 has tho same internal 
diameter as that of bubuOa.t portion 30 of ths Recond tubular raeniber 

30 33, Ab may be Bften, insulating jmember 3S comprises an integral 
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j iTi^Mb^r extending troxn portion 3& thereof to portion 37 thereof,, 
integral insulating member 35 thus spaces surfaces Ol : . the Cirt5t 
tubular member 22 from surfaefeA of second tubular IftOJObOK 33 arid 
cover member 2$ by a gup occupied as seen in figure 2 by insula tiny 
member 35. Insulating member 35 insulates first tubular member 
2?! from contact With £oound tubular member 33 find coyer member 
20. 

IVxtb cover Pftember 29 screwed down onto second tubular 
member 11 as shoivrn in Figure 2, flailtfQ portion 2* of first tubular 
?0 member as encased by insulating member 35 ia s&ndwiched between 
eovcr moiobcr 29 and the u^per end of hub partion 25 of the 
second tubular member 3 3, whereby insulating member 35 may form 
a hariitatio ^eal batwecm f irst tubular merobex 22 and second tubular 
jociriber 33, 

By screwing cover member 29 onto, second tubular 
ifieflbet 33, fir at tubular maiabor 22 may be firmly, sea lab ly coupled 
to second tubular member 33 yet insulatively isolated, therefrom. 

in assembly * first- tubular portion 22 raay be inserted 
through cover member 29 following which cove?: member 2S> may be 
20 screwed dnto second tubular portion 33. Th& insulating member 
35 may be s&gh to occupy a gap between the first tubular member 
22 and the comb illation of the second tnbxilar member 3 3 eind cover 
laember 29 . 

Preferably, the entire insulating member is made of 
a cojupaaition of glasfc and mica and is fpxm&d by a molding pro- 
cess. The insulating JKemb^r is formed by heating a mixture of 
powSers o£ glass and mica bo a sufficiently high temperature 
that tbo mixture become b fluid* Ones the mixture is fluid, it 
iu pressure molded U&XIV9 a mo. Id of appropriate Shape. The for- 
3° toatlon of the insulating member 35 will be descxrbod in joorc 
detail. 



The fir eh l:nbylar wietubor 22 and th« Becond tubular 
member 33 art> assembled to be pociLioueA a* shown in Pig- 2 eind 
are then heated to a predetermined temperature.* The two tubular 
memburs at the elevated temperature) are fitted into a TO Id* 
Next, a mixture of glass- &ti<3 TftiCft powders if* prepared by pre- 
molding the Mixture Into the form of si preliminary molded member 
of a cylindrical shape which will fit in the* gay between the 
tubular portion 23 of the first tubular member 22 and cover member 
29. The preliminary molded jnember is heated to a predetermined 
temperature And fitted in the c*ap in a heated condition. Hetft, 
a pxeetwe ie applied to the preliminary molded Member before 
it cools to force the material of the mattber to I'lOv/ into Ube 
gap between the first and second tubular members ^d into the 
internal annular recess il in the second tubular member 33* 

Per the material of the preliminary molded marcher f 
4S wb% of, glass ponder prepared by pulverising a glaze used for 
enamel coating steel object*, co/aroarcially available : as Product 
Uo- 2312 of Kippon Ferro, r^td., to a eiae of. 2 00 mesh mixed with 
55 wtft of mica powder of synthetic phlogopolte of a Bxze of 
£>£> to 200 mesh. 5 w« of water is added to the resultant mixture 
to.^e-t it #o .it can be tnoldod. 1500 g&i of" the matted mixbure 
i~ jsolded using a cold pressure residing process to form £ cylin- 
drically shaped body using 1 a mold (ttOt shown) . The preliminary 
molded jfluwber wafj disposed in a drier at 120°C for two hours 
to dry it prior to its use in forming the insulating member 35, 

Ab described above, the oovbi: Member 29 and the hub 
portion 25 are- 3 pined by screw threads. However, the invention 
is not limited thexoto as the cover member 29 and the hub por- 
tion 25 can be 30lEied by welding. 

Xn an alternate embodiment r the cap portion 27 of 



the cover raerober 29 is divided into four quadrants two of which 
axe removed, flange, portion 24 of the first tubular .roeittoer 

22 if; i:hon cut »uch that the remaining part of the liantje portion 
2 A CAh fit through tht? two removed quadrants <j£ tho oap portion 
27 so that the flange portion 24 can be located under i:hc cap por- 
tion 27 uf the cDvel 1 member 25. 

Wi Uh the insula te:<3 pSpf* ^oinU described aboy&, a ten- 
sile force imposed on the ends of the joint is converted into a 
compressive force which acta between the cap portion 27 and 
Claivje portion 24, b'inco the compression b Length of the insulating 
membor 35 of tbfc type described is much greater than its tensile 
strength and since the force i>or Unit area can bo sui Uably set 
by adjusting the ex term of the area on -which the compressive 
forces arc applied/ the resulting assembly is quite strong and 
able, to T<ithtftarici hicfh tensile forces imposed on the ends of the 
joint* 

JVt high teinpeiraturefi, for instance 3D0°C, the? beat 
restiEtant characteristics of the insulating member are primarily 
determined by the thermal characteristics of the glass material 
used uhe starting material. Particularly, the transition 
temperature of this inatorial 5 s important . If the transition 



temperature is. , for instance, in a range of ,ft C to 600 °C. 
a high mechanical strength for the overall assesnbiy will be 
preserved to a temperature of at least 300*C* 

Ifith respect to the resistance to mechanical impact 
forces, the mica powder which is used to form the insulating 
me*b*r is composed of particles h*vi*fc a flat » ha P e v/here-ixv 
the ratio of the diameter to the thickness of * single scaJft 
particlo is generally in a .range of 30 to 50:1, Due to the 
presence o£ the scale particles, the molded insulating member 
has a laminated form thereby providing it with a liifth elasticity. 
This high elasticity would not "be present if the insuUtiag 
member were formed only of glass powders, nue to the laminated 
construction, the insulating member is provided with a much 
gre-ater resistance to repeated temperature changes and mechanical 
impact forces then is » prior art type of insulating raesrfter made 
of an inoxganic compound. Therefore-, the insulation member 
produced in accordance with the invention is suff 5cioncly strong 
that it can withstand the topical impact forces which arc en- 
countered during, the use of the structure, 

Next, the construction of -a preferred embodiment 
of an. electrode device of the invention utilizing the above- 
doscribed in.Hui.ited pipe joint 21 will be given vith reference 
to Fig. 3, Reference numerals 1 to 4 used in Tig. I indicate 
similar components as those of Fig, 1. The Tight hand half of 
jfcKg, 3 shows the completed structure of the insulated pipe joint 
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21, As shown in the figure, the insulating member 2 includes 
two insulated pipe joiuts 21, One end of the insulating member 
2 is connected to the pipe 1 and the other to the electrode 
3. These connect ion a may be Minds by we'U-knowa techniques such 
as w&lding ox by the use of screw threads. 

As, in accordance with the invention, the completed 
3n5ulH.tud pipe joint 21 has a common tfjroujfhhole of constant 
internal diameter, the assembly and use thereof is quite easy. 
For instance, the provision of the above-described partitions 
is quite simple, tii cfturse, marc than two insulated [>ip& joint a 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

If ne&ded, such as in the case ot-ltio having tt hi^b 

salt concentration is used, the outer surface- of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substance having a sufficiently high heat resistant property. 

This is shown in the left hand paTt Df S. For example, the 

Tit 

coating 41 can be formed hy shrink fittlofc a "Teflon M tube. 

As d<jj;cribed abova, in accordance with the invention, 
the pipes and tha otoctrodes arc Connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression .forces which act 
between the cap portions and the flange portions thereof. Since 
the- compression strength of ttus iuSLtlAtlna; member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has a L>uito high mechanical strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe operating condntiens often 
encountered in oil well application. 

Yet further, the coating 41 and the insulating members 
2 and 12 of the electrode can be formed from, other materials* 
To determine what materials are best for these members, tests- 
were conducted to investigate the resistance oi ; various organic 
polymeric compounds to hot v&ter and water vapor at high temperature 
10 and under high pressure. The compounds Investigated are listed in 

Table 1 herein* 

Regarding the testa, test piccos of each of the materials 
were placed in quartz test tubes trilled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 
15 Kater. The autoclave was held at 280°C at an internal pressors 
&£ 6fi kg/cm 2 for a period of 10 days-* The Autoclave- was then 
cooled to a room temperature and the test pieces vein checked for 
appearance. The results are presented La Table 2 from which it 
can ba seen that hot water and steam had a much more adverse affect 
2E> than dry heat. Of the materials testDd* only polytetraf luoroetbylenD 
resin, and diphciiiyl oxide resin wfiie acceptable . 

A coating of icater. and stoam resistant resin can bo 
formed a-round the pipe 1 by ropcatedly applying coatings of the 
raaterial. end baking the assembly until the desired thickness is 
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obiained. Also, a coating of- the heat Ttsistant rei.sn can be 

forced by first prepaiisif, a tube ol tho rcsiu having an Inside 

diameter 5 lightly larger than the outside diameier oil Uid pipe 

l:.and then slipping the tube over the pipe 1, If the resin 

is in the form of a sheet or tape, it may He wound directly around 

the pipe 1 and then fusion -bonded if necessary- As described 

above, a heat- shrinkage tube of polytetraf I ud roe thy 1 one can 

bo slipped over the pipe 1 and heated to fit it tightly to die pipe, 

A* discussed above, vrhon the assembly including the 
Blectrode 5.5 inserted into the oil well, there is univoitfabio 
contact .with the inner wall of the well so that the heat 
resistant Insulating coating may be damaged. To prevent this, 
protective coating of insulation 16 may be formed around the 
insulation 15 as shown in Pig, 5. Since the protective coating 
of insulation 16 may melt or collapse if the electrode is 
exposed* to high temper a tares, it can be made of an inexpensive 
m^ial such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the steel pipe that 
makes up the fuide pipe 1 is only about 10 nt in length, 'S'o join 
the pipe sections, each pipe section is provided with a taper 
thread an one end and the pipe sections are joined by strewing - 
the* together. An insulating coating must also be formed around 
the joined parts of the pipe section* and o* the surface of the 
coupling. To accomplish this, as sho^n in Fig, 6, steel pipes 



1A and LB are cm'ored \fitl\ the coaUug of heat lesistant insula t- 
in^ material ISA and 1PR and arc; joined by a coupling 1'/. A 
coating of heat resistant insulation ISC is forced around the 
coupling extending into adjacent areas, A heat-shr inkable tube 
S of a ppl y tetrafiuoroe thy leue is particularly suitable in this 
case. 

To protect thu insulating coatings from direct contact 
with the inner ua2l of the well* steel pipe sections IA and IB 
covered with the coating of heat resistant insula ting material 
lf1 ISA and 15E and protective coatings of insulation 1GA and 16B 

are first joined through the coupling 17 > Thereafter* the coupling 
16 is coated \fitfi the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shutm in Fig, 7. 
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IA and IB are <:m r ored with the coaUag of heat resistant insulat- 
ing material ISA and I?R cmd arc jo.ined by a coupling IV. A 
coating of heat resistant insulation ISC is forced ztTounc* the 
coupling ex t ending into adjacent areas, A heaL-shrinkable tube 
5 of a polytetrafluoroethylene is particularly suitable in this 
case. 

To protect tho insula ting coatings from dlrwc contact 
with the inner va}l of the well* stool pipe sections IA «nd IB 
covered with the coating of hoat resistant insulating material 
l fi ISA and 1SB and protective coatings of insulation 16A and 16B 

are first joined through the coupling 17, Thereafter* the coupling 
16 is coated ttitfi the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the ad j anon t 
areas as shuwi in Fig, 7. 
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Table 2 



Sampl e Appearance 
A OK. 

B " lUriied into a liirop. 
C Ho, 
X> ' Cpllapsed 

EI . 
F 

G ' Turned into a lump. 

H Glass whitened 

(Resin came sji^rt) 

I »©. 

J Do. 
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V/IJAT IS Cl-AlMlil) l'Jf: 

1, ftn electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising: a plurality of kl>11 
pipe sections; an electrode adapted t« ho disposed in an under- 
ground deposit of hydro car Kon.s for -Mipplying an electric current 

5 to s*id underground deposit;, a plurality of insulated pipe joints; 
each including a first tubular member having a flan&e portion 
at one end thereof, a second tubular meTnhet having a cap portion 
at otic cud thereof adapted to be received in said flange portion 
of sa id first tubular member tfith a gap thBixbctwcou, and an 

10 insulating member disposed in said gap between said fl an , por- 
tion and snid cap portion for hermetically coupling said first 
and soc-cmd tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe joints being operatively disposed to couple at luast some 

IS i>f said pipe sections and said electrode vrtrile electrically 
insulating salt! at least same of said pipe suctions and said 
electrode;, and a cable connected to said electrode for supplying 
an. electric current to said electrode. 

2, The electrode device as sot forth in claim 1 wherein 
at least some of said insulated pipe joints are ijitcrcotinected. 

3, the electrode device as set forth in claim 1 k'hci'cin 
said insulating member of each .of said insulated pip^ joints 
comprises a first insulating portion disposed in said gap between 
said flauge portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members, said first and second insulating portions 
being formed integrally with each other. 

4. tfic electrode device as set forth in claim 1 wherein 

said insulating member of a?tch of said insulated pipe joints 
is made of a glass-mica molding forced iV-am "lass and mica 
potfders 

The eLcctrod© device as set fcrrth in claiiii 1 further 
comprising an insulating coating profiled op at. least a portion 
of an outer surface of said insulated pipe joints. 

6. The electrode doyica H s set forth in claim S. wherein 
said insul&ting coating isypoiyie-trafUiorocthf lone , 

7, The electrode device as set forth in clatJH 6 whe-rvin 
said insulating coating comprises a resin of thermally slirinkable 

po ly t &t r a f: Iuot. o et hyl e ne , 

The electrode device as set forth in claim 5 ^her&in 
*eid insulating coating comprises a resin of diphenyl oxide. 
9 t The electrode dsyii^e as set forth in any of claims 5-7 

further comprising a protective layer of insulation .upon. at : ■ 
least a portion of said iasulatine coatings 

10. thD electrode devicD as set forth in any of claims 5-7 

father comprising a protective layer o£ insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a material selected from the 
group consisting of polyethylene polypropylene and polyvinyl chloride. 
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11 , An d nr.\;rt>ao. flovicR t:or ol oc tr Really teatinu; unclur- 

ground deposits of hydrocarbons con^r losing a plurality oJ: inter~ 
connected *r«ll pipe sections, *n c-loetrodfi *dapt«id to bo disposed 
ia an underground deprmit of hydrocarbons supply ^9 electric 
current to said underground depoal.t r at least c-ne insulated pipe 
joint including a firs* tubular wei/ibsr comprised of a well pipe 
section having a fliiuyc portion at one Cild tbeveaf , u Second tubu- 
lar member comprised of. said electrode* d^pojjad in uligntuout 
with said ±irfct tubular mRmber, a cov^r mewibrjr carried by saf.d 
Becond tubular moiubcar bavinci a cap portion at one end thereof 
disposed in overlying relation to s*id fiongc .portiion above sale) 
first tubular inOJttbfrr wt.fch a gap therebetween , an insulating member 
disposed in Htxid gap between said flango portion and aaid cap 
portioi^ for hermetically coupling said first and second tubular 
member and for electrically insulating said first and second 
tubular member s from one another, cable means connected to said 
electrode for supplying a * electric current to said electrode and 
an Insulating coating provided on at least an outer surface of 
aalfl Xneulating pipe ^oiat. 




